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“threadably engaged with a movable frame 20, A'gear 16b.can be.engaged by a pinion gedr 23ito’ ad;ust the pesition of. the.

rearmost lens group of the movable:lens. groups: in the optical axis direction- upon' -assembly of the: z00m. Iens sothat a. 1ocal
point of ihe zoom lens does not deviate upon zoommg Camera:body.9 may have an insertion. hole 8 for shaﬂ 22 beanng
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'FOCAL POINT ADJUSTING DEVICE FOR ZOOM LENS

The present invention relates to a zoqm lens - focal
point adjusting' device of a camera which adjusts the

position of lenses in the optical‘axis direction.

In recent years, zoom lenses, including :vari-focal
photographing leﬁses, have  inCiuded .tthé ‘or. more leﬁs. 
groups, rather vthan two -lens grdups which 'havev'prevfousyy

been used. The number-of lens grOupé has Dbeen increased to

. meet the demand: of Aphotographérs,.who"desire‘ a- zoom camera

having a high-magnifiéation.(high—zoom'raiioleens-and also

high performance.

Before a zoom lens ‘type ~ camera .is completely

. assembled, or . at least before it is put on -the market, a

focal point adjusting operation 1is ofEEn carried out,
especially i1f the zoom cameré has & high-zoom ratio. The
focal point adjusting operation ' is effected to adjust the

position of one or more of the lenses constituting the zoom

lens of a zoom camera in -the optical axis direction- after.

an. ianocus staté haé béen- obtained with respect "fo an
object to be photographed. This operatioh is effected so
that the in-focus state will not vary even 'if.bzooming or
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variaiion of the focal point (ioqminé or variation ‘of the
focal point will vhereinéftér be coliectively ;referred to
as zoomiﬁgs.ig effected. This kind of focal po;ntAadjustingv
operation ‘typically uéeé a Iené supp&rting ffame, ‘which
Vholds‘tﬂeAlené of a ?oom iens, and.allens'frame supporting
member, whi;h is made vseparatély frdm thé».le;s. suppéffing
frame and ‘which holds the same. ‘The ;ens sﬁpporting Aframe
and ,thg lens frame ‘supporting member ;afé connected by
threaés;;THe threads permit ,édjust@ght of the relative
‘pqéifidn of_ the ,lensv éupporting..ffame: and  the hlegs Aframé
supportiné_mémber in thebopt;caiAa%is d;rectién.-With ﬁhis
.érranggmentl_ in- aécofdahce -Qith ‘the' f?rgad  1 mééhaniém;
the lens whiéﬁ'ié.to bevmb§ed in fhébbﬁticaiAaxiS:ai:eétion
to aecompliSh focal Apoint adjustment can be :conﬁ;nhéusly
méved in the oﬁtical axisldi;egtion,

In a knoWn qum gamefa having a convéntionél i;oom 
lens composed’of two lens-grbups,_itfis_offen.the'casévthat_
the firsf lens éfoup, closesf,to'thé'object'side, is méved
,ini the opticalv axis direcfioﬁ to effect é focal» point
,adjnsting cperation. The first‘lens_group is the len5'grqu§
to be adjusted, sinc;-'this lens ‘group is most easily’
accessed,:Howeverg :for a zooﬁ camera haviﬁg a zoom‘lehs
'cqnsistingj bf:’three. or more. lens grouﬁs, the' ;moupf  of
deviation qf the foéél point with réspgct' £o_ia wnit of"

deviation .of the first lens grcup in the optical 'axisa-’
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direction is. relatively small as compared with those of the
other lens groupé. Therefore, when a focal point adjustment
is to be executed with the £focal poin{ adjusting mechanism,

by moving the first lens group in the optical axis

-
1l

direction, a large space must be . reserved in which
adjustment - can be effected. In other words, the space
allotment ‘must be  sufficient for the necessary adjhstmént,

,e

resulting in an undesirably large camera.

An object of ;the;'pfesent inventidh is to
provide a caméra having a foceal point}»adjusting device in
which a proper focal .pbint'“adjustmén{‘_can: be made Withv a
_minimuﬁ ‘amount 6f deviafion of the lén§ to be adju;ted, S0
that camera size may be minimized.

| Aécording to

the ﬁresent invention, there 1is provided a camera having é
'plurality'.of movablé lens groups thch constitute a .zoom
lens, ahd an apparatus which is used to adjust’the_pOSition
of thev'rearmoét lens éroup of the plurality ‘of movable
lens groups in the optical axis direction, upon assemblyAqf
thé zoom lens, soO fhat a focal point of the zoom iens does
not deviate upon éobming.

With Athié .arrapgement, ‘ " a lens group Wwhich

' deviates the focal point by a relatively large amount per

n)
bamr
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unit deviation, for examplg, the third lens group, in the case

of the zoom lens comprises three lens groups, .can be moved

instead ' of mofing the frontmost lens group. closest to "the

object - siée of 'the camera. This makes .it possible . to-

miﬁimize the amount of-deviation>of the lens tO'bevadjuéted _

upon assembly, resulting in Tmaking & compact camera

smaller.

-+ According to ahgther ~ aspect of the» present

"invehtion, -there 1is proyided a camera having a first gear

formed to a 1ens-supporting frame and a second gear“engaéed

with the first gear, wherein the‘ seCond gear is’ connécted

to a shaft which can be inserted ‘through a hole in the -back

of the camera to effect an adjd%tﬂeptﬂofffhevréatm6§£ Iéﬁs 

group.

With this arrangement, the shaft can be rotated from

‘the film side of the camera to ‘accomplish a focal point

adjustihg operation. A shaft 'driying_ mechanism 'Can' be

'provided together with . a focal point position _defectingv

mechanism Aoﬁ the same side (i;e.). the film side), in the

) éasé that the adjusting device is automatic.

According to yet another - aspect o©of the 'present

'invention, “there ié. provided a ,came:é. ﬁaVing a biasing
,methanism which: is ’provided_ between - the lens . supporting

- frame and a lens frame supporting member so that?thé lens

Supporting frame and the 1lens frame supporting; member are

1
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continuously biased away from each other in the optical
axis direction, . wherein the. biasing' mechanism is in the
shape ;f a ring haviné~a projecting portioﬂ énd wherein  the-
-projecéiﬁg portion 1is ehgaged with a groove provided in fhe
lens £rame suppofting member so that it will not rotate
?with respect to the lens supporting’ frame. | |
_With this arrangement, a slight _aéjustﬁent can - be
realized since backrash, \ whigh would | occur at fhe
" contacting portion of the threading ‘between -the‘ lens
supporfing framé‘ ana the' lgns_ frame supporting*_member, is .
.restricted by'thé biasing mechénism. |
Accérding to.stillvanéthér a;pecﬁ of thé:pre$ent in;ention there
ié"pfoViaéé %_zooﬁ:lens comprisingé a p}ﬁraiify.ofcmévablg lens"'
groups which cqﬁstitute said zbbm léns;‘éndtén apparafus_which
is used to'adjustvthe position of the fearmost lens group of
_sald plurality 6f movable.lens gfoups, ?ﬁ the:optiqal;agis_
-airéction, updn aséembly of'said-;oom lens, so that-a foéalf
point of said zoom lens does not deviate'upon zooming.

An example of the present invention will be described with

reference to the accompanying drawings, in which:

Fig: 1 is .a sectional side view of-a camera having a

foc%l point adjusting‘ device and a zoom lens at. a

vide-extremity poéition, shown along the upper half of  the
‘optical axis, and émbodyin§ tﬁe presént-inVention;

Fig. 2‘ is é sectiqnél side view of ghe ‘camera shown

in Fig. l; wit® the zoom lens at a- telephoto-extremity

position, shown along the upper .half of the optical axis,
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and embodying the present invention;

Fig. 3 1is an exploded perspectiye view of a lens

fraﬁe Shpéorting member, a biasing member, lens supporting .-

frame, and pinion gear connected to a shaft;

Fig. 4 is a perspective view of 'a camera, with its

back cover open, to -which the ‘present invention is"

~applied; and,
Fig. 5 is a sectional side view of a camera according ’

“to another embodiment of the present invention, shownjalong

the upper half of the optical axis.

A zoom camera 10 has a movable lens barrel. 14 in

" which a .fi;ét_ lens group 11 1is supporfed,. In the Fig. .1, -

the movéble_lens barrél 14 is retracted in a camera body 9

to be locafed at its widé—aﬁgle__extremity._ in the - Fig. j2j

the movable lens %bé:fel l4'IiSI.prOjected from the came:a

body 9 to be located at its telephoto extremity. A lens -
proteéting’barrier_l7_is;pr0vided inside of the‘frpnt'paﬁt;g.
of- the lens. barrel 14.~The-barrier 17 is kept open " when

‘the camera is in use and is -closed. to protect the lens

inside the movable lens barrel 14 when the camera is not in

use. A movable frame 19 is provided behind the first 1lens
group 11 in theA'movable .lens barrel 14. 1In the inner .

periphery of the movable frame 19 is provided an AF/AE unit

18,‘ a well known mechanism, which moves a lens supporting

frame 15. The Ien$ .supporting. frame 15 supports é' second

lens group 12, which is moved in the optical axis direction
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to effect the focusing operation. It should be noted that

the Vfo.cusing mechanism'effected by. tﬁe AF/AE mechanism 1is
‘not  at all r_elated to_the focal point ;adjusting device of
‘tbe_g;rese.nt invention. The; focdl point adjusting device of-
the present ‘ih;/ent.ion ié _»used only. when the cameral is being '
assembled, before the camera is brought tq.the mai-‘ket_fr’br_r.l'
the 'factdr.y',.‘cr‘when the camera needs to be repairec.lv. |

A th‘iv.rd iens group 13, suppofted );?y‘ a movaﬁl.é frame
20 (ler-ms*.frame' suppprting member), 1is proi(id;éd beﬁ‘ind the'
seco-r'xd',.lens grbup', 12. The.. -movablve fréme' 20.,‘ tﬁe. 'rnox"{ablev
bfra.mie 19 and .the movable’ ler-\.s‘ barbre‘l 14 are .each‘ .m'o'_vab-'l_e' .
in the o_pti.cal. axis direction and are "dri':/en b‘y_'l.a
conventional cam mechanism (ncf shown). ‘in. a _"rlela-tive
man'ner.' However, they do' not rotate about the optic'avl. axis.
The t%hird ‘lens' group 13 _is firmlf sqpported- by a lens
supportiné f.ran;e. ' 16._. The .iens 'supporting ‘Afréme '- 16 is
provided with a male helicoid portion‘ 16a and a gear
poftion» ‘16b, .having a plurality bf teeth, "in. front ‘a.nd re;ar"l
of- its ‘owv.nte.r perip_hery, respectively. The male h-el_ico_id
p'\ortion lSa is engaged wilth a female helico;d'po_rtion éOa
proyided 1n ‘the inner periphery of the _Amow‘.'able frame 20. A
ring—shaped s-pr'ing :rnember 21 1s 'provicied between the lens
suépo?ting-frame4 16 and the moVablé_ frame 20. The 's-pbirix'ig
member 21 is made of an’ ela‘s;ticélly deformablle.'m;etal‘ and is

integrally p'rovided-. with' a positioning projection 2la and
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spring arms 2l1b as shown in Fig. 3. Mofe pre&isely; “the
spfing member 21 is brought into contact w?th a - face
pdrtion i6c 6f. the 'léns supporting frame 16 and a face
po%tion 20c  of tﬁe mov;ble frame 20, so that the ‘lens
suppérting' frame 16 - and the movable frame 20  are
“continﬁously‘-biased- away _from’ bné anofher ‘in order"tb
prevent backlash :at the engaged Eortion. ‘The positioning
projection 2la is enggged_witﬁ'a groove 20b provided in the 
 vrear of ‘the movable framg 'ZQ and elongated along the
qptical axisl The sbape of tﬁe ‘gfdove 205 éofresébnds to;
that of the positiqning projection 213'
When a -focal poiht .éajusfiﬁg:'qpergtién. is 'carried'.’
v' out; therlgéar"péfﬁion 16b of: the leﬁs"suﬁéarfing~ ffaﬁé‘,lS
is'eng;ged with a'pinion»gear 23 provided éf.the end of a
éhaft 422 'whichg.has been inse:ted ffom oufsidé vthe;_éameraj
19. TheAupper.réAr.portion Qf an iﬁside back wall 7 of fhe
cémeré body 9 has an insértionAhdle 8. The shaft 22;_ﬁaving
thel pinion gear . 23, is ingeftéd in the camera 10 ‘thrgughl
the :insertion hole 8' | shown in Fig. 4. quéve;} . the
.~insertion_hole 8Amay be pfovidéd.iﬁ a differen£ area of the
back of caﬁera 10. |
" As may easily be understood, a focél point adjusting
operafion of the zoom leﬁs of the camera; agchdiﬁé to.the‘
present invention, is carried out és.follows:nThe shaft 22

'having the pinion gear 23 located at the end thereof ‘is’



inserted into the» camera 10 through the' insertion hole 8.°

' The pinion gear 23 is engaged with the‘gearvportion 16b of
the lens supporting frame 16; Thereafter, the shaft 22 is

" manually or mechanically rotated Eo move Ehe third lens

group 13 in the 'optiqal~‘axis diréction through the pinion
gear 23 and thei gear portibn 16b. - The motion is"thgn
ltransmitted to fﬁe male and female helicoid pbrtiéns‘_lBa
and 20a to effect a fotalvpoiﬁt-adjusting operation.of the
zoom lens. |
' Fig. 5 shows anothér. embddiment of Ehé' presént
invention. In this embodiment, - elehénts that ‘a;é the same

as those of the ?revious embédiment_are designated_yith the

" same reference numerals:. The major difference. between _the

previous embodiment and the"ﬁresent' embodimeht-'is . that =a

-shaft 24 having a’ pinion ,gear':ZS, 'corr¢5ponding "to shaft

22 and pinion gear 23 ‘of »fhe 'pré{ious.~ embodiment,

respecfively, is proyided in the'féar of ‘the movable - frame

20", A ‘groove Z24a is provided at the rear end of.the'shaft

24 so that the shaft 24 can be rotated by, for example, a

screw -driver to carry qut a focal point = adjusting

i operation. An E-ring 26 is engaged with a circular groove

forhed in the outer periphery of the shaft 24 to prevent

the shaft 24 from being moved out of place. An insertion
hole, through which such means as. .a .screw driver -is

inserted to engage with the groove 24a to ratate the shaft
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" Accordingly, the spring member 21 will not rotate when the
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24, may be provided in the same manner as that of the

previous embodiment. Also, the shape of the groove 24a may
have a different shape, according to the shape of the screw

driver, etc. to be used.

In the above embodiments, since ﬁhe ring~shaped

spring member 21 is provided with positioning projection g

2la, which is engaged in the groove 20b (or .20'b) .0f the

movable frame 20 (or 20'), rotation of the spring member 21 .

is restricted by the movable frame 20 (or  20').

4 lens _ffamé 16.:rota£es. Therefo;é, smqothj~rdﬁation. 6furthe

- lens ‘ﬁpame - 16 can. be éxpégted.‘”Thé shape vof vthg.ispfing  R

meﬁber 21 ;é-not liﬁited'bylfhé abéve'émbodigentS; ;nd}may 

‘be cbapged,ési;ong.as the movable'framev2q (orrZO')-and tpeA‘

\lené supportiﬁg frame.16 are continubusly_biaged éway'ffom

3§ne’anqthér”iﬁ the opficél axis direction, | |
'Tﬁe:ge;r’pértion 16b gnd the ﬁinion,ggar 23 (ér 251

may be replaced with a gear train, bevel'géafs} or a bevel .

gear train.

;Aithoﬁéh this inventidn haé »beeh described ~with
reference to pArticularI meahs) maﬁerialé and émbédimen£s,
it is to be understood that the invention is not limited to
#hg‘.particulars disciosed éﬁd_ extgﬁds té all gquivalents

within the scope of the claims. -
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CLAIMS:
1. A camgré cqmpiis;ng:- ‘
é zbom lens;
-'-g' élurélify of 4movabie ' lené groups  which

'constitute said zoom lens;
means for moving said plu;ality of movable lens
groups in a predetermined positional relationship in aﬁ
optic§l axis direction, and
-meéns for adiusting‘a position'of :the.rearmdst lens
group  of éaid piurélify of iensvgroﬁps ip'the optical axis
directiqn- up6n as;emp;g of said zogm:jléﬁsun-indepéndent;y g
Affom'séfd-moviné meéﬁs.' e .
2. A cémgré aécording td c;a;m. 1, Qherein} said -
édjusting meahs,compriseé; |
| a lens ffame éupporfiﬁg,'meané ,Which is moved 'in
the optical .axis direction when a. focal length of said'QOom
lens is va;ied; | |
a‘ 1ensi supporting f%ame which 'supports said réar;
most lens g;édp and 1is éngaged ,with ‘said lensr frame .
.supportipg means; and,

J

a driving means which rotates said 1lens supporting

~frame.

3. A camera according to claim 2, wherein said -lens

sbpporting'frame~is.engaged with said lens frame supporting
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means by helicoid, so that said lens supporting frame can be

moved in the optical.axis direction with respect to said. lens

frame supporting means when said lens supporting frame is

rotated by said driving means.
4. A camera according to claim 2 or 3, wherein said

driving means, comprises:

a. first gear which is formed -on said lens supporting.

<

frame; and,

a second gear which is engégéd with said first'gea::

5. A camera according to claim 4, wherein said second

gear can be inserted into and extracted from said camera, so

as to engage and disengage with said first gear.

6. A camera according to claim 4, wherein said second -

~gear is rotatably supported by said lens frame subpo:ting means.

- 7. A camera according to claim 5 or 6 further comprising

‘a shaft which can be connected with said’éecondlgeéf:and which -

is rotated manually or by a mechanical driving device.

8. A camera according to claim 7, wherein the back df éaid
camera is grovided with.a hole thrbugh which said ‘shaft can be
inserted. ‘ | -

9. A camera according to any.one of claims’zrté 8 fufther
comprising a‘biasinélméans.which is providea'bgtween said lens

supporting frame and said lens frame supportihg'means, so that

said lens supporting frame and said lens frame suppdrting means .

are continuously biased away from one another in the optical



supporting.frame.

avis direction.

10. A camera according to claim.9, wherein said biasing

means is in the shape of a ring having a projecting portion

engaged w1th a groove prov1ded in sald lens frame supporting

means so that said biasing. means will not rotate with Sald lens_

11. A camera substantially as herein described with

~

reference to the accompanying drawings.
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